Introduction
More than one million hospitalizations each year in the US are due to heart failure (HF) and 25% of these hospitalized patients are readmitted within 30 days of discharge. 1, 2 Telehealth may be useful in HF and some studies have reported a lower rate of hospitalization 3 -6 in HF patients using telehealth. However, other studies have not found an association between telehealth and reduced hospitalizations. 7 -10 Studies with negative associations between telehealth and HF outcomes had more severe HF patients in the telehealth intervention group as compared to the control group. 9, 11, 12 In a recent systematic review of risk prediction models for hospital readmission rates Kansagara et al. suggested that the best choice of a model may depend on the setting, the population in which it is being used, and variables associated with the patient's overall health and function, illness severity and social determinants of health. 13 Few studies have been conducted to assess the influence of patient characteristics on hospitalizations for patients with HF using telehealth. We have investigated the associations between the characteristics of patients with HF and re-hospitalization during a 60-day period of telemonitoring after discharge from hospital.
Methods
We conducted a retrospective chart review of electronic health records (EHR) from a homecare agency in New England. The agency had used electronic documentation for nursing services and telehealth for over 10 years. The patients were those admitted to the homecare agency with HF as a diagnosis and who had used telehealth from 2008 to 2010. Patients with co-diagnoses of Alzheimer's disease, wounds requiring extensive wound care, trauma, fractures and general surgery were excluded. The study was approved by the appropriate ethics committee. The study was guided by a nursing adaptation of the Chronic Care Model (Figure 1 ).
EHR data sources
The Medicare dataset Outcome and Assessment Information Set (OASIS) contained the demographic and clinical characteristics of patients including age, race, gender, location (rural/urban); psychosocial status characteristics of cognitive functioning, anxiety, depression and living situation (presence or absence of caregivers); disease characteristics of ambulation, dyspnoea, and number and types of co-morbidities. The homecare agency's EHR stored the OASIS data. OASIS was also used to collect data on outcome variables of all-cause and/or cardiac re-hospitalizations for the patient. Electronic documentation of nursing visit notes, telehealth logs and scanned intake forms were used to collect data on English language ability, status (new/chronic) and type ( primary/ secondary) of HF diagnosis, co-morbidities and medications. The variables for each subject were collected from the time that the telehealth service began to 60 days of telemonitoring, or less if the subject was discharged earlier from the agency. We used the Elixhauser Comorbidity Index to define groups of co-morbidities. 14 
Data analysis
Log-rank tests and Cox proportional hazards model estimation was used to analyse time to re-hospitalization and time to cardiac re-hospitalization, crudely and after adjusting for covariates. Bivariate analysis was used to eliminate covariates with crude associations at a significance level of P . 0.25. 15 Time to first re-hospitalization was measured from the date of the homecare agency's telehealth service admission to the date of first re-hospitalization. All study participants were followed for 60 days; accordingly, patients without readmissions to hospital at 60 days represented censored observations. Re-hospitalizations for reasons that were non-cardiac in nature were also treated as censored observations.
Our hypothesis was that male gender, older age and greater severity of illness would modify the associations of telehealth with re-hospitalization. Therefore, we repeated our analyses, stratifying on the following variables: gender (male/female), age (,75 years, 75 -84 years, .84 years) and illness severity (high/low). The high group in the illness severity stratum was defined as subjects above the 75th percentile for number of medications, co-morbidities and days in hospital. Subjects in the high illness severity stratum included subjects with severe dyspnoea ( patients scoring 3 or 4 for the OASIS item on dyspnoea) or subjects whose number of medications (.16), co-morbidities (.6) or days in hospital (.17) was higher than the 75th percentile. 
Results
Five hundred and ninety subjects used telehealth at the homecare agency from January 2008 to May 2010. After eliminating subjects without a diagnosis of HF, 444 remained. Of these, 403 satisfied the inclusion/exclusion criteria ( Figure 2 ).
There were no missing data for all-cause rehospitalizations. The cardiac-cause re-hospitalization outcome variable had 10 (3%) cases with missing data, but replacing missing data values was not necessary. Only the status of HF diagnosis (new or chronic) independent variable had missing data in 43 (11%) cases. Missing value analysis showed that the missing values occurred at random, and cases with missing data were excluded from specific analysis. 15 
Sample
The majority of the patients were Caucasian (94%), over 75 years in age (.70%), female (55%), urban (89%), lived with caregivers (69%), had chronic HF (81%) or experienced some dyspnoea (84%), see Table 1 (available online, see http://jtt.rsmjournals.com/lookup/suppl/doi:10.1258/jtt. 2012.120509/-/DC1). The average number of co-morbidities experienced by the subjects was 5.2. Blood pressure disorders (69%), vascular disorders (67%) and cardiac arrhythmia (53%) were the most common co-morbidities. The average number of medications prescribed was 13.6. Diuretics were the most common cardiac type medication prescribed (85%). About half of the patients (51%) were prescribed an angiotensin converting enzyme inhibitor/ angiotensin II receptor blocker (ACEI/ARB) type of cardiac medication.
Demographic characteristics were similar for the illness, age and gender strata, except in the over 85 years old age category, where females (61%) outnumbered males (39%). Among psychosocial characteristics, compared to the less illness severity stratum, the high illness severity stratum had four times the number of subjects with severe anxiety and twice the number of subjects with depression. More females than males lived alone (36% versus 24%). Vascular disorders were more common in males (77%) than in females (59%). All other variables were generally similar across strata ( Table 1) .
Of the sample, 112 (29%) experienced at least one all-cause re-hospitalization and 73 (19%) experienced at least one cardiac related re-hospitalization. The remaining cases were censored either because they did not experience re-hospitalization at the end of 60 days of being on telehealth (39), they were discharged from the homecare agency (215) or they withdrew from telehealth services (37). The reasons for discharge from the homecare agency discharge included patient or caregiver being able to demonstrate competence with health management or if homecare services were no longer needed. Patients were also discharged if they were able to travel and were no longer homebound and/or no longer eligible for homecare service.
Cox regression analysis

All-cause re-hospitalizations
The number of medications less than 10 (adjusted P ¼ 0.016) and prescription of ACE/ARB medications (adjusted P ¼ 0.004) were significantly associated with lower risk of re-hospitalization. Selected patient characteristics were also associated with a higher risk of re-hospitalization (adjusted P , 0.05 in all instances): psychiatric disorders; anaemia, thyroid disorders and dyspnoea for males; renal and pulmonary co-morbidity for females; obesity and pulmonary co-morbidity for those under 75 years of age; and presence of anxiety for those aged over 84 years ( Table 2) .
Cardiac-related re-hospitalizations
Patients with fewer than 10 medications (adjusted P ¼ 0.009) and prescription of ACE/ARB (adjusted P ¼ 0.027) were also significantly associated with a lower risk of cardiac related re-hospitalization. Selected patient characteristics were associated with a higher risk of cardiac related re-hospitalization (adjusted P , 0.05 in all instances): psychiatric disorders; diabetes within the high illness severity stratum; obesity for those under 75 years age; and a primary HF diagnosis for those over 84 years (Table 3 ). 
Discussion
The gender distribution in the present study was almost identical to that of the national Medicare population, where females comprised 55% of the total Medicare beneficiaries, and the proportion of females was more than double in the oldest age category compared to males. The proportion of subjects living alone was also similar to that in the national Medicare population, which adds to the generalizability of the findings. Due to inclusion of drugs such as vitamins or health drinks, the average number of prescribed medications per patient was higher in the present study compared to the number of medications reported in patients with HF in other studies. 16 -18 Anxiety and depression were more common in the high illness severity subjects than in low illness severity subjects in the present study. This is not surprising, as patients with HF who are severely ill tend to be anxious about their disease status and depressed about their quality of life. 19 The proportion of all-cause hospitalizations (29%) and cardiac related hospitalizations (19%) for HF patients using telehealth was similar to the proportion of all-cause hospitalizations (24 -36%) 8,20 -23 and cardiac-cause hospitalizations (12 -32%) 6, 8, 21 in the telehealth intervention group in other studies. A high number of medications (.16) was associated with both all-cause and cardiac-related re-hospitalizations. This is consistent with other studies, where adverse effects of poly-pharmacy on functional and health status of elderly individuals with heart failure have been reported. 8, 18 Elderly patients in particular find it difficult to manage a high number of medications which can lead to health complications that result in re-hospitalizations, despite daily monitoring by telehealth. The use of multiple medications often leads to inappropriate drug use, under-prescription, low adherence, adverse drug interactions and side effects, as well as increased costs for elderly patients. 18, 24 Homecare agencies could provide additional nursing resources and utilize daily monitoring by telehealth to closely assess and titrate heart failure medication therapy of elderly HF patients.
Non-prescription of ACEI/ARB was also associated with both all-cause and cardiac-related re-hospitalizations in the present study. Our findings support the literature endorsing the positive association of ACEI/ARB with reduced hospitalizations in patients with HF. 25 In the present study, ACEI/ARB were prescribed for only 50% of HF patients, compared to the 80% prescription rate for beta-blockers and diuretics. Allergic reactions or renal dysfunction could have contributed to non-prescription of ACEI/ARB. However, primary care physician (PCP) unfamiliarity with the guidelines on HF treatment may also have contributed to the low prescription rate of ACEI/ARB. Evidence supporting the association of ACEI/ARB with reduced hospitalization may persuade homecare agencies to advocate prescription of guideline-recommended HF medications for their patients.
Systematic reviews have found beneficial effects of beta-blockers in avoiding cardiac hospitalizations for patients with HF. 25 However, use of beta-blockers is suspected to be contra-indicated for patients with pulmonary disorders such as chronic obstructive pulmonary disorder (COPD). 26 The presence of pulmonary co-morbidity increased the odds of association of beta blockers with all-cause re-hospitalizations in the present study, although this relationship was observed only in female HF patients and HF patients younger than 75 years of age. Beta-blockers were not associated with cardiac re-hospitalizations. Daily telehealth monitoring could be used for gradual titration of beta-blockers, as has been recommended for patients with HF and pulmonary disorders. 26 In previous studies, there have been increased re-hospitalizations and ER visits 27 -29 for patients with HF and depression. Similarly, in our study, HF patients with psychiatric co-morbidity and using telehealth in the low illness severity stratum had higher odds of all-cause and cardiac related re-hospitalizations. Depression has been attributed to loss of interest in HF self-management 19 which might have resulted in higher odds of being hospitalized.
Surprisingly, in the high illness severity stratum, HF patients with psychiatric co-morbidity and using telehealth had lower odds of all-cause and cardiac related re-hospitalizations. Caring for HF patients with high illness severity is quite complex, and they tend to have poor outcomes irrespective of the presence of a psychiatric co-morbidity. Being diagnosed with a psychiatric co-morbidity and being prescribed anti-psychotics might have provided a protective effect which could explain the negative association with re-hospitalizations in the high illness severity stratum.
Medications for HF such as angiotensin-converting enzyme inhibitors (ACEI) or beta-blockers are normally under-prescribed for patients with HF and renal insufficiency due to suspected contra-indication in renal failure. 30 In our study, only 43% of subjects with renal co-morbidities were prescribed ACEI/ARB for HF, as recommended in the AHA guidelines. Presence of renal co-morbidity also complicates HF self-management. HF patients on dialysis were considered inappropriate for telehealth by homecare nurses because frequent weight fluctuations can trigger alarms inappropriately. 31 HF patients with renal co-morbidities have been found to have higher mortality 32 and high rates of hospitalization. 33 The lack of protocols for care delivery of heart patients with renal co-morbidities in the homecare setting could explain the positive association of renal co-morbidity with all-cause hospitalizations.
Patients admitted with HF as a primary diagnosis had higher likelihood of cardiac-related re-hospitalizations than patients admitted with HF as a secondary diagnosis, in spite of using telehealth. Primary HF diagnosis was also found to be a predictor of all-cause and cardiac related re-hospitalizations in the oldest age stratum (.85 years). Patients with primary HF have recently experienced HF exacerbation and need to cope with the complex care regimen and the new daily telehealth routine. Complex HF care management and changes to lifestyle routine in addition to coping with morbidity associated with HF might have been especially difficult for HF patients in the oldest-old age group possibly resulting in higher rate of re-hospitalizations. of blood pressure, oxygen saturation, heart rate and bodyweight that could affect outcomes were not collected for this study. Other relevant heart failure medications including aldosterone antagonists, hydralazines or nitrates were not collected for this study. A total of 94% of the sample population was Caucasian.
Conclusion
The findings of the present study contribute to our understanding of healthcare utilization by HF patients using telehealth. They could also inform practice guidelines for the delivery of homecare to HF patients within the context of their characteristics, especially co-morbidities. For example, homecare agencies and their nursing staff can anticipate the possibility of increased hospitalizations for HF patients on telehealth with high number of medications, renal or psychiatric related co-morbidities and could plan to allot resources accordingly. Such knowledge should assist home health agencies in developing tailored care-plans to attain the best patient outcomes and help them to allocate resources without compromising patient care.
